Avalanche development around the anode wire in a gas proportional counter is investigated. In the region of proportional gas amplification, the avalanche is found to be well localized on one side of the anode wire, where the electrons arrive along the field lines from the point of primary ionization. Induced signals on electrodes surrounding the anode wire are used to measure the azimuthal position of the avalanche on the anode wire. Practical applications of the phenomena such as left-right assignment in drift chambers and measurement of the angular direction of the primary ionization electrons drifting towards the anode wire are discussed.
Introduction
Early studies on the spatial development of the avalanche relative to the anode wire were concentrated on the radial development,1 whereas in modern application of multiwire proportional chambers (MWPC) and multiwire drift chambers (MWDC), knowledge of the azimuthal or angular extent of the avalanche around the anode wire becomes important not only for a more precise understanding of the gas multiplication process but also for improvement of particle position measurements by adding another information, the direction of electron drift to the anode wire.
At the beginning of MWPC development, observation of induced signals on adjacent wires led to the assumption that the avalanche surrounds the anode wire uni- formly at least at high gas gain.2 However, more recent studies of induced signals have indicated some asymmetry in the avalanche development around the anode wire. [3] [4] [5] [6] [7] In this paper, we report on an investigation on the question whether the avalanche is confined to one side of the anode wire or spreads around the anode wire by measuring positive ions of the avalanche. Indeed, it was found that the avalanche is well confined to one side of the anode wire in the proportional region of gas amplification.Xx Since the avalanche is localized, induced signals on electrodes surrounding the anode wire contain some information on the azimuthal position of the avalanche. Therefore we studied the formation of induced signals due to the localized avalanche in detail. Applications of the avalanche localization phenomena to MWPC's and MWDC's are also discussed.
Avalanche Localization
The first method which has been applied to study the localization of the avalanche is to measure positive ion signals at potential wires in a MWDC.8 The principle of the method is shown in Fig. 1 . A collimated source is placed near the potential wire PW. Electrons liberated by the ionization drift toward the anode wire along the field lines and are multiplied in the stong field near the anode wire. If electrons do not spread around the anode wire through these processes, positive ions created in the avalanche are also localized and trace back the same field lines in opposite direction as the electrons drifted. An arrival of positive ions in the strong field around the potential wire PW gives induced signal on PW. If the avalanche surrounds the anode wire, positive ions will also drift to the potential wire P1W on the side of the anode wire where no primary ionization is produced. Then two effects become noticeable, the gas multiplication starts to be aided by photon propagation and the development of space charge reduces the effective field near the anode wire which saturates the gas amplification. In this semi-proportional region, the localization phenomena depend on such factors as the voltage, the gas mixture and the density of primary ionization.
In general, the photon process tends to spread the avalanche around the anode wire since the photon does not follow the field lines. The effect of photon quenching can be seen, for example, in CH4 where the spread is much suppressed compared to Ar(90%)/CH4(107,) at the same gain. For 241Am a-rays, R is less than 1% up to QA = 5 x 107e, where the effect of photon process is still small because of lower electric field and therefore lower gas gain.
The second method used to obtain information of the avalanche localization was to measure the center of gravity of induced charges on the cathode in a MWPC with a high precision delay line placed orthogonal to the anode wire.6'8 If the avalanche is localized to one side of the anode wire as described above, the measurement of the center of gravity of induced charges relative to the anode wire gives us an approximate indication of the radial distance of the avalanche from the anode wire. (a) Gas: Ar(90%)+CH4(10%) and (b) "magic gas" Ar(69.3%) + Isobutane (30%) + Freon 13B1 (0.7%). and "magic gas", Ar(69.3%)/Isobutane (30%)/Freon 13B1 (0.7%). At an avalanche size of less than QA < 5 x 106e, AX = 200 -250 6,m for all gas mixtures. By increasing the applied voltage, AX decreases for 90Sr s-rays and for 5 Fe x-rays in Ar(90%)/CH4(10%) indicating that the avalanche spreads around the anode wire, but for 24lAm aX actually increases which indicates a still localized avalanche. This is consistent with the positive ion measurement.
However, for magic gas, a completely different behavior was observed. In the "magic mode" or amplitude saturating region, aX increases up to 1 mm and then it suddenly decreases. The measurement of positive ions also showed the same behavior that the avalanche only partially surrounds the anode wire under these conditions.
The relation between the real position of the avalanche and the observed value of AX is complicated because the distribution of the image charge due to the azimuthally localized avalanche on the anode wire is distorted on the cathode by the existence of the anode wire near the avalanche. A study with an electrostatic model showed that,8 AX = 1 mm between observed peaks corresponds to an actual distance of about 600 Am, or a distance of 300 pm to the anode wire. Our delay line method is sensitive to the mean value of the induced charges in about 10 ns. When we assume that positive ions move only in one direction from the anode wire then they would be 30-40 wn away in 10 ns and this corresponds to aX 200 pm, which is in agreement with the observation in the proportional region. For magic gas, however the center of gravity of the avalanche in 10 ns is found to be relatively far from the anode wire. This is also indicated by the observation of the fast rise time of the anode signal due to the electron contribution to the signal formation.
An interpretation of the "magic mode" assuming the avalanche to start and stop multiplication at a large distance ( -300 pm) from the anode wire would be difficult because the field strength at 300 Wm from the wire is too low to get enough gas amplification. However, when we assume that the photon process sets in and that the mean free path of the photon is relatively short, the avalanche may develop from the anode wire outwardly, because although the field strength between the anode wire and the avalanche becomes lower, the field strength outside of the avalanche increases due to the strong space charge effect.
Induced Signals If the avalanche is localized rather than spread around the wire, the relationship of the induced charge on surrounding electrodes is a measure of the position of the avalanche not only along the anode wire but also the azimuthal position around the anode wire.
To study induced signals in more detail, and approximate a configuration of practical use, we used a square chamber shown in Fig. 6 . Induced signals are read out from cathode strips along each wall. Typical signals on cathodes U and D are shown in Fig. 7 , when the 55Fe x-rays are injected on the side of cathode U.
The differentiation time constant of the preamplifier was 2.5 ms, long enough to study the whole time development of the induced charge. Although they have the same polarity, the signal shape is quite different.
The time development of induced charges on cathode strips U and D is studied with an electrostatic model, assuming a point charge moving in one direction from the anode wire. In general, the charge induced on an electrode due to the point charge q is given by Qi= q * fi (x,y) (1) where fi(x,y) is a weighting function depending, in a Qu(t) (2) where V'(x,y) is the potential at point (x,y) when the potential VO is applied on the electrode i where the induced charge will be measured and all other electrodes are kept at zero potential.
A convenient way to obtain fi(x,y) is by the use of a model of resistive paper where electrodes are represented by conductive paint. Figure 8 where p is the mobility of positive ions and V is the applied voltage on the anode. By using ,+ = 1.9 cm2/ kV.ms for CH% ions in Ar(90%)/CH4(10%), QU(t) and QD(t) are calculated for positive ions moving along the Y-axis from the anode toward the cathode U, and are shown in The dotted line shows their difference.
There is no big difference in amplitude at the beginning and, as positive ions leave the anode, QD(t) starts to decrease, however, QU(t) continues to increase.
Thus the signal shape observed in the real chamber is well expressed with this method.
Azimuthal Position of the Avalanche
As the induced signals, especially the difference signal QU(t) -QD(t), contain information on the azimuthal position of the avalanche, we extend the analysis into two dimensions. Because of the radial field around the anode wire, it is convenient to use the (r,e) polar coordinates. Using the relation fu(r,e + rr) = fD(r,e), the difference of induced signals is given by QU(t) QD(t) q * {fU(r,e)-fU(r,e + TT) } (4) Since the diameter of the anode wire is small compared to the distance between the anode wire and the cathodes, it can be treated as a line charge with an infinitesimal diameter.* Then fu(r,e) can be considered to be built up by the weighting function fQ (r,e) for an electrode arrangement without the anode wire and the superposition of a very steep weighting function of the anode wire. As the latter is symmetric around the anode wire, eq. 4 can be rewritten in good approximation as QU(t)-QD(t) t q . jfU (r,e) -f (r,e + TT)} f0 (r,e) near the anode wire is approximated as 
Conclusion
Our study showed that, in the proportional region of gas amplification, the avalanche is well localized on one side of the anode wire. By increasing the applied voltage, the avalanche starts to spread around the anode wire to some extent by the photon process.
Investigation of induced signals from the localized avalanche shows that the information on the azimuthal angular position of the avalanche can be extracted from the measurement of induced signals on a set of electrodes.
As the avalanche is formed by electrons which drifted toward the anode wire along known DC field lines, the measurement of the azimuthal position of the avalanche determines the particular drift path of electrons from each point of primary ionization. This combined with measurements of the electron drift time and the avalanche position along the anode wire, could locate three dimensional coordinates of the interaction point for, e.g., x-rays and neutrons.
